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NO-NEUTRINODOUBLEBETA DECAY: MORETHANONE ~lJTRINO?

S. P. Rosen

T-Division, Los Alamos National Laboratory,
Los Alamos, New Hexico 87545

ABSTRACT

Interference effects between light and heavy Majorana neutrinos
in the amplitude for no-neutrino double beta decay are discussed.
The effects include an upper bound on the heavy neutrino mass, and an
A dependence for the effective mass extracted from double beta decay.
Thus the search for the no-neutrino deca

in ea’~ ‘ode sho
uld be pursued in

several nuclei, and particularl;~ , where the ●ffective mass
may be quite large.

tlORE THANONE VIRTUAL NEUTRINO?

The problem I wish to address in this talk is how to reconcile
the lower bound on the neutrino massl,

> 20 ev
‘v

(1)

recently obtained by the ITEP group from tritium beta decay with the
much smaller upper bound2,

< 6 ev
‘v

(2)

obtained by the Iieidclberg group from a com arisen of double beta
decay lifetimvs for the isotopes J12~Te and I OTe of Tellurium. Let
me say at the outset that I recognize the serious reservations held
about the tritium experiment and the need to await confirm~tion by
another experiment; but I would ask you to indulgu me in a “theo-
rist’s license” to imagine that there is a germ of truth in what the
ITEP group is telling us. 1 should also point out that there have
been other indicatlon~ of a conflict between tritium beta decay and
double beta d~cay in the theoretical calculations of Haxton, Stephen-
son, and Strottman’; from the experimental data on Sesz and Ge’c,
these authors find that m cannot have a valur much larger than 10-20
●v. Thr work 1 shall di!!cuss is bdsed on a recent paper by A. Hal-
prin, S. Petrov and mysrlf’%.

Onc simplp solution to thr problcm js to conclude that [hr
electron-neutrino in a Dirac particle: thr no-neutrino double beta
decay transition (see Fig, (i)) is then forbidden, ●nd thr obaervrd
llietimr~ cannot br used to ●xtract a bound on th~ neutrino mas~,
Given thr Uaugc throretic pre-dinpositinn towards Majorana neutrino~,
however, thin eolution is not pnrt~cularly ~ati~factory. We there-
fore turn to another a]ternativr, first obsrrv~d by Doi, Kotani,
TakaauRi and Niahiura” and suhnrrluently taken up by Wolfenotein’,
namrly ll)n: if morr than onr nrutrlno mads-~igrnstatr nhould contrih’-
ute to thr no-ncutrino ●mplitude, thrre ❑ay he carcrllationu nrnongst
thesr contributions, Thus iII double hetm decay ono ❑ay he measuring



differences between masses, whe~eas in tritium beta decay one meas-
ures an average m9ss. Obviously there is likely to be Ii, L.e overlap
between the difference and the average,

To understand how this cancellation may arise, let us consider
the amplitude for the diagram in Fig. (i) when the charged weak
leptonic current has the form:

LA= (=”jA(l+@c$v+ D$vc]) . (3)

The uppearauce of both the Dirac neutrino field, *V, and its charge

conju8ate, $Uc, is necessary if the

neutron: n ~, in the nucleus is to be

tron, n2. The helicity factor (l+y5)

●mitted by nl is right-handed, while

neutrino emitted by the first

re-absorb?d by the second nel~-

in L implies that the neutrinoA
the neutrino absorbed by n2 is

left-handed! Thus the neutrino must flip its helicity as it travels

from nl to n2. Since no right-handed current is present in LA, the

helicity flip will occur only if the neutrino has a non-zero rest-
mass. The amplitude for Fig. (i) is therefore ot the form:

(4)

where F(v) is a t“actor describing the propagation of the neutrino
through the nucleus and the ~ppropriate nuclear matrix ●lement,

Now there are two simple choices for the coefficients C and D
which are analogous t.o the original CP eigenstates K and K in the
neutral kbon system, They Brc: 1 2

C=+D = l/J2; 1$”=1/J2($”+lJ”r); CP=+l (K,) (5&)

C=-D = l/J2; x“=l/J2(lj”-lJvc); CP=-1 (K2) (5b)

Should it h~ppen that both neutrinos, @v and Xv, contribute= to no-

nrutrino double
valurs , th,’y wj
signt3:

‘do) +
In other words,

beta decay, thru Mcausp of thrir oppoBitrI CP ●igen-
11 contribute to the overall amplitude with oppotiitr

(6)

Ha.lorana nrutrjnos of ol)iositr CP tend to Cance] onr~. .
another in double ~~ta decay”~,

Before examininR the ~trut.turp of thin canc~llation, WC ~llst

ntudy the n~utrino prcipauntor 8N o function of nrl)~rino ❑ ass, III
momrntum spacr, t.hr propagntioll UMII hc wriftrli as

<])>
P“ =

‘v

J-’ +<]))
v

(7)



where <p> is the average neutrino momentum. The average separation

‘r12
> between sucleons inside the nucleus provides an ●ffective

cut-off on the amplitude, which takes the form:

<p> ~ <r 1 1.— g. = 30-50 rlev
12> R

(8)

Two extreme cases of the propagator occur when the neutrino mass
is either very ❑uch smaller than <p>, or very much larger. When mv
<< <p> (the low mass case), the propagator is

m
P“ 2 * (low mass case) (9)

and when mu>>~p>, the propagator becomes

In configuration
like factor mu

(high mass case) . (10)

space, the low ❑ ass case corresporlds to a Coulomb-
<1/r12 > evaluated with respect to the two-nucleon

correlation function, and the high mass case to a Yukawa-like fac-
torg,

Pv(rij) = mv<~> .
ij

(11)

The genera] shape of Pv(r) is shown in Fig. (ii). As a general rule,

thr low mass catie applies to ligh& neutrinos with masses in the 10PV
range, while the high mas~ case is relevant for neutrinos with masses
of a few hundred tiev or more.

WrInow turn to the extraction of masses from the ITEP and douhlr

bel~ dcray experiment: when the neutrino coupled to thr electron in
the ch~rged weak clirrent is atisumed to be:

v = (COR 0) 1$ + (sin fl)x (12)
P

whrre $ and X arc matis eigen~!.aics with CP = +1 and -1 rrsprclively.
Thr •a~ti measured in tritium brta decay is then a weightrd sum o! m

4and m :
x

m2(Gr) = lm2coH2tl + m~fijn201 .
4

(13)

In view of ol;cillatioll rxl}erimPntnlo, we Lake the mixing anglr to br
amoll,

ain20 S 0.1 (14)



●nd set

from the 1980 results of ITEP1l, we have

14Sm$S45ev

(15)

(]6a)

and from the 1983 resultsl, we find

202vSm
$“

(16b)

With the above assumptions for up, the “mass” measured in no-neu-

trino double beta decay has the general form:

‘fl~(ue)
= Im$ COS2(3 - F (mX,A) my sin2tll (17)

where the n~gative sign comes from the odd relative CP of the 14ajor-
ana neutrinos $ and X, and the function F(mX,A) is essentially the

ratio of their configuration space propagators:

F(mX,A) =
‘m ’12(<~> / <~>) .

’12
(18)

When m
x

is of order a few times 10 ev (low mass case), then F is

unity for all values of A:

F(mx,A) = 1 for all A, mx~O(lOev). (19)

(v ) will be the same for all double beta decay-and ‘he ‘alue ‘f ‘BD e
in~ parent nuclei, ““This is the case previously considered by Doi et
al , and by Wolfenstein7.

Here wr consider the case in which mx 1s of order several htln-

drcd Hrv or more (the high-mass case). Neutrino oscillations are
then forbidden for lcw-energy neu~rinos, but univcr~ality sets a
limit on the mixin~ ang!e,

sin20 S 0,05 (20)

brcaume the hravy neutrino x cannot bc emitted in nurlcar ~-decay.
Double beta decay ●xperiment.s will yield two qualitative resultn for
the various maeoes:

(1) Thrrr ❑unt be an y~~cr bound on m : if mx bccomce too—-- .J---— x
large, it cannot can[rl enough of m$ to bring mBB(ve) down from

the ITEP ranRr (rq, 1) to Lhr range
. .

of the Tellurium ratio



(iii). (2,1 The ●ffective

nucleus; in general m
BP

detailed behaviour will

tion function.

(v ) must vary from nucleus to
‘ass ‘(ID e
will increase as A decreases, but the

depend on the nucleon-nucleon correla-

To illustrate these features we consider two ●xamples with

sp(?cific correlation functions. The first one is a uniform correla-
tion with an infinitely hard core at radius r Z 0.5F and a cut-off

at the nuclear diameterg:
c

P(r12) = [&(MR3 - r~)]-l f3(r12-rc)e(2R- r12)

where R is the nuclear radius

R= 1.2A 1/3 ~ .

(21)

(22)

The ratio of propagators is given by

-2m R
F(mX)A) = 0.5 (mXR)-2[ (l+mXrc)e-m3rc- (l+2mXR)e x ] (23)

-2/3
and it is proportional to A From the universality constraint

(eq. (20)), and the ITEP and Te~lurium ratio results (eqs. (1) and
(2)), we find that

HX < 3.5 Gev . (24)

If we choose sinLfl arrd m (v ) vanishes for Tellurium, We
x’

SO ‘hat ‘Pp e -2/3, ~he boundS on m

thel] find that because F(m ,A) varies as A ~h(ve)
x

for Iightc[ nuclei are qui~e different:

5ev< ‘flf.l(ve) ~f2 < ‘6ev
L

(25)

(u ) <43ev13~v < mpp ~ ~a4B

If wr follow Doi ●L al]z and take

P - 6 (r12-R)

thcl) wc find that:

-m R

‘2qA)
l,67r X

(26)

(27)



●nd hence that

S 500 Hev
‘x

Again, if we choose
lurium, namely

(28)

‘$’ ‘x’ and ‘in2e ‘0 ‘h’t ‘m ‘an’she& ‘0= ‘ei-’

=15ev, ❑x=150 Mev, sin2(3 -6
‘$

= 6.3x1O (29)

the~ we find the following

Isotope

Tel SO

Se82

fje70

ca48

In both of these ●xamples, the

effective masses for lighter nuclei:

o

18

21

45

(30)

liRhtest nucleus, namely Ca4*, has the
lnrgest effective masi. Thus it is well worthwhile to-revive efforts
to look for double beta decay in this nL-7eusls.

The lesson of .hese examples is hat one must look for no-neu-
trino double beta decay in a range of nuclei and determine whether
the effective mass does or does not deFend upon A. If it is found to
have nn A dependence, theu we can conclude -hat heavy tlajorana neu-
trin~s must play a role in no-neut.rino double beta decay. If the
effective •~,ss is independent of A, then we learn that only light
neutrinos are important for thr process.

Aa a final note, we point out that were $ left-handed and x
ri~ht-handed, there would be very llttle interference between the
appropriate ●xchange diagrams because the final state electrons would
have opposite felicities. Thus it is essential for the interference
that the virt~lal neutrinos be coupled with the same helicity.
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Figure (i) : Neutrino
●xchange diagram for no-
neutrino double beta decay.

Figure (ii) :Gcncral form
of ncuttino propagation as
a function of ucutrino
mass.

Figure (iii) :Boundri ou mX

imponcd by tritium beta
decay and Tellurium ratio
●xpcrimcrlts .
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